Objective: To verify if stabilizing the scapulothoracic joint without arthrodesis could lead to functional improvement of shoulder range of motion and clinical improvement of winged scapula, we incorporated four additional patients into our previous analysis to determine if the results obtained were long lasting, and to compare this fixation with the other techniques described in the literature, balancing the benefits with the complications.
described by Landouzy and Dejerine, represents one of the most frequent congenital myopathies. [1] [2] [3] [4] [5] [6] [7] It is an autosomal dominant myopathy, although 10% to 30% of the cases arise from de novo mutation. The onset can be at any age, but symptoms commonly begin in the second decade of life. FSH muscular dystrophy has a complete penetrance but variable expressivity, so the spectrum of clinical presentation can vary from mild to severe cases. 1, 6, 8 FSH muscular dystrophy is characterized by prevalent weakness of facial and proximal upper limb muscles that progresses very slowly. Facial weakness causes an amimic, smooth face with inability to purse the lips and incomplete eye closure. Shoulder girdle weakness is the most constant feature of this disease and leads to scapular winging. Other muscles can also be involved by the myopathy, such as neck muscles, hip muscles with a compensatory lumbar lordosis, and muscles of the anterior portion of the leg leading to foot drop. 1, 4, 6, 8 During the physiological movements of the shoulder, the scapulothoracic joint muscles stabilize the scapula to the rib cage. While the contraction of the glenohumeral joint muscles is mainly responsible for the first 90˚ of abduction, the remaining 90˚ of shoulder abduction is produced by a synergic movement of the muscles of both joints. Shoulder girdle instability in FSH muscular dystrophy is caused by weakness of the muscles, which normally stabilize the scapula to the rib cage. When a patient affected by FSH muscular dystrophy tends to abduct or forward flex the shoulder, the scapula cannot be held to the rib cage because of weakness of the scapulothoracic joint muscles. Consequently, the contraction of the spared glenohumeral joint muscles produces an initial abduction of the shoulder and at the same time an abnormal scapular internal rotation. [9] [10] [11] The clinical and functional consequences of these biomechanical changes of the shoulder motion are scapular winging, and limitation of shoulder flexion and abduction (figure 1). At rest position, scapular asymmetry is noted, while scapular winging is a dynamic deformity with cosmetic dissatisfaction of the patients. Patients get easily tired and are unable to hold heavy objects or perform overhead activities, such as combing hair or shaving, but they do not complain of pain. [12] [13] [14] Patients affected by FSH muscular dystrophy who present with scapular winging can be treated by scapular stabilization. The stabilization can be carried out by nonoperative or surgical techniques. Conservative treatment consists of application of an orthotic device, which presses the scapula to the rib cage, stabilizing it temporally. 15 These orthoses can be cumbersome, difficult for patients to accept, and improvement in shoulder movement is present only during their use. For these reasons, conservative treatment is not suggested. Surgical correction of winged scapula is the treatment of choice because it fixes the scapula permanently to the rib cage. 16 This fixation can be obtained by different techniques, which are grouped into scapulothoracic fusion or arthrodesis (scapulodesis) 12, 13, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] and scapulothoracic fixation without arthrodesis (scapulopexy). 14, [28] [29] [30] [31] An alternative surgical technique of scapulopexy was described by Giannini et al in 1992. 29 In the present paper, this technique was used in a series of thirteen patients with bilateral winged scapula affected by FSH muscular dystrophy. Nine of these patients had been analyzed previously. 14 The aim of the study was to verify if fixing the scapula to the rib cage using metal wires without arthrodesis could lead to functional and clinical improvement, if the results obtained were long-lasting, and to compare this fixation with the other techniques described in the literature, balancing the benefits with the complications.
Methods
Between 1983 and 2003, 26 shoulders in thirteen patients with winged scapula, secondary to FSH muscular dystrophy, had fixation of the scapula by scapulopexy. Nine of these patients had been analyzed previously. 14 The diagnosis of FSH muscular dystrophy was based on family history, age of first symptoms onset, estimation of creatine kinase activity and muscular biopsy. In ten patients, genetic analysis was performed in order to confirm the diagnosis of FSH muscular dystrophy. Clinically, all patients presented bilateral shoulder anteposition and scapular winging, and they were all ambulatory.
As the severity and presentation of FSH muscular dystrophy can vary from patient to patient, surgical selection was performed regardless of the patient's age, and the correct timing for surgery was considered when a patient had developed a severe scapulothoracic joint weakness associated with good function of the glenohumeral joint. To decide if a patient would be a candidate for intervention, the Horwitz maneuver was performed preoperatively. 32 The physician holds the patient's scapula against the rib cage, while the patient tries to raise the arm. If the arm is actively flexed or abducted (positive Horwitz maneuver), then intervention is indicated (figure 2). If the patient is unable to improve the shoulder range of motion, then surgery is unlikely to improve the patient's function because of the weakness of the glenohumeral joint muscles, thus physiotherapy is usually indicated. Three patients were excluded from the study because they had a negative Horwitz maneuver; they received physiotherapy but no surgery.
This series included seven women and six men. Diagnosis of FSH muscular dystrophy was made at a mean age of 24 years (range, 13 to 36 years). All patients complained of limitation in activities of daily life and easy fatigue, but none had pain. Radiographs of both scapula were performed in two views, at rest and during shoulder abduction. Preoperative functional pulmonary tests were performed in 8 patients.
Preoperatively, range of motion of shoulder abduction and flexion were measured. Strength of glenohumeral joint muscles was measured manually during the Horwitz maneuver using the test of motor power on a 0 to 5 scale. The average age at surgery was 27 years (range, 15 to 43 years). Average follow-up was 10 years (range, 3 to 18 years).
Surgical Technique
All patients underwent surgery under general anesthesia and both shoulders were treated in the same surgical stage. The patient was placed prone and the upper limbs were positioned in 60˚ of abduction and 20˚ of flexion to lay the scapula flat against the rib cage. Usually, this position was achieved when the medial border of the scapula was at 15˚ to 20˚ of external rotation relative to the interspinous midline. If a residual deformity was observed, a spacer between the shoulder and the bed was applied to press the scapula more medially.
A linear oblique skin incision was made on the medial border of the scapula. The trapezius muscle was cut. The rhomboid (major and minor) and the elevator scapulae muscles, which usually are atrophic and fibrotic, were detached from the vertebral border of the scapula. The supraspinatus, infraspinatus, subscapularis and serratus anterior muscles were released from the vertebral border of the scapula. Then, 2 cm of the medial border of the scapula were exposed subperiosteally. The scapula was placed in a more medial and caudal position in order to choose the corresponding ribs to prepare. Four ribs, usually starting from the fourth or fifth, were exposed subperiosteally, taking care to protect the pleura Giannini 
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Fixation of Winged Scapula in Muscular Dystrophy and the subcostal neurovascular bundles. A double metal wire (1 mm diameter) was passed under each rib. The scapula was placed over the rib cage to its definitive position and four 2.8 mm holes were drilled approximately 1.5 cm from the medial border of the scapula opposite the prepared ribs. One end of each wire was passed through the adjacent hole of the medial border of the scapula. With the scapula held in its final position, the metal wires were twisted and tightened until bone-to-bone contact between the scapula and the ribs was obtained. The wires were cut (figure 3). The muscles were closed over the posterior surface of the scapula and the wound closed routinely. A postoperative radiograph was taken to assess the position of the metal wires and to assess for pneumothorax.
The postoperative management consisted of the application of a "figure eight" dressing immediately after surgery (figure 4). This immobilization was maintained for 6 weeks.
Physiotherapy of the shoulder joint was initiated as soon as tolerated and consisted of isometric deltoid exercises and active exercises in order to strengthen the glenohumeral joint muscles and regain as great a range of motion as possible. Patients were discharged from the hospital 4 to 7 days postoperatively.
All patients were followed monthly for 3 months and then yearly. At the preoperative control, one year after surgery and at last available follow-up, shoulder range of motion in abduction and flexion was evaluated, and a test of motor power was performed. At every follow-up appointment, radiographs of both scapulae were taken to compare the position of the scapula on the rib cage and to check the position and the condition of the metal wires. All patients stated their subjective satisfaction, including functional improvement and cosmesis, according to a visual analogical scale as very satisfied, satisfied, fairly satisfied or unsatisfied. 4 . A "figure-eight" dressing is applied postoperatively and it is maintained for 6 weeks. All data are shown in degrees. *Indicates patients not included in the previous analysis.
Results

All patients experienced improvement in active range
All patients were very satisfied with the cosmetic outcome. All patients had clinical improvement with complete resolution of the winged scapula and the shoulders regained a normal shape. Twelve patients stated they were very satisfied with the functional results and one patient was satisfied.
In all 26 cases of scapulopexy, a stable and long-lasting fixation of the scapula to the rib cage was achieved. The position of the scapula was maintained at the last available follow-up, as demonstrated in the radiographs ( figure 6 ). The eight patients who had lung function testing preoperatively, were retested at 1-year follow-up and showed no significant difference of vital capacity.
There were no major surgical complications, except for one patient with unilateral pneumothorax 1-day postoperatively that resolved spontaneously. One patient presented one metal wire breakage at the radiographic routine control seven years after surgery. The scapula remained well fixed to the thorax and the patient did not complain of any symptoms, thus no intervention was performed. One patient fell accidentally three years after surgery because of bilateral drop foot and she had breakage of two metal wires. Functional and clinical improvement were maintained, but pleural pain led to metal wires removal. One patient had a high-impact car accident seven months after surgery with breakage of all wires of the right scapula, representing winged scapula. Revision surgery was performed with the same technique of scapulopexy resulting in very satisfactory clinical and functional improvement at 3-years follow-up.
Discussion
Winged scapula is the most common clinical presentation of instability of the scapulothoracic joint. Pathological conditions that can lead to winged scapula include FSH muscular dystrophy, 1-7 congenital elevation of the scapula (Sprengel's disease), traumatic paralysis of the serratus anterior muscle, and polio. 26, 33 Patients affected by FSH muscular dystrophy have a normal life expectancy, so surgical treatment to fix the scapula to the rib cage, improving function, is advisable. 1,2,6,7
Giannini et al. Scapulothoracic fixation can be useful only if the glenohumeral joint muscles are preserved. When the scapula is stabilized to the rib cage, the deltoid contraction is able to abduct and flex the shoulder. However, full shoulder range of motion is not possible because the fixed scapulothoracic joint cannot contribute to the movement.
Several methods of scapulothoracic fixation in FSH muscular dystrophy have been described in the literature. These methods include scapulothoracic fusion or arthrodesis (scapulodesis) 12, 13, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] and scapulothoracic fixation without arthrodesis (scapulopexy). 14, [28] [29] [30] [31] Different techniques of scapulodesis have been reported using tibial cortical and cancellous bone graft and screws, 12 metal plates, 26, 27 screws and cancellous bone graft, 25 and metal wires and bone graft, 22 with good clinical and functional results which have been maintained over a long period of time. However, being that ribs and scapula are flat bones, they render scapulodesis a demanding technique, causing many complications. In fact, rib fractures, scapula fractures, stress fractures, nonunions, mobilization of the fixation devices, wire breakings and neurologic complications such as brachial plexus palsy, pneumothoraces, hemothoraces, and atelectases have been very often reported.
Scapulopexy is a less rigid fixation than scapulodesis because it leads to scapulothoracic fixation without using bone graft or exposing cancellous bone of the ribs or scapula. There are few reports concerning scapulopexy in FSH muscular dystrophy in the literature. Rinaldi 30 used strips of fascia lata, Ketenjian 31 used fascia lata grafts, Mersilene or Dacron strips, and Giannini et al 14, 29 used metal wires tied around the ribs through holes drilled in the medial border of the scapula. Clinical and functional results of these studies were satisfactory. Few complications were reported and included deterioration of fascial slings and wire breakings.
The scapulopexy we used by stabilizing the scapula to the rib cage allowed extensive bone-to-bone contact between the ribs and the scapula that was obtained by firm tightening of four metal wires. Between the scapula and the ribs, a fibrotic scar was formed. This dense fibrotic tissue stabilizes the scapulothoracic joint, but allows micromotion that is responsible for fatigue breakage of the metal wires.
All patients had considerable improvement of shoulder range of motion in abduction and flexion. The improvement in active range of motion depends on the deltoid strength at the time of surgery, which should be at least 4 or 5. They all had an improvement in doing activities of daily life, did not complain of easy fatigue and were very satisfied with the cosmetic result. The scapulothoracic fixation persisted with time, so the cosmetic results, and the minimized fatigue and discomfort were long-lasting. However, being that FSH muscular dystrophy is a progressive myopathy, it can cause very slow deltoid weakening that may lead to a diminishing shoulder range of motion. 
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The complications strictly associated to the surgical technique used in this series were one pneumothorax, which resolved spontaneously, and one wire breakage without trauma. Unfortunately, two patients experienced a trauma that, in one case, was of low entity and led to wire breakage without loss of the scapulothoracic fixation. In the second case, a high impact car accident caused monolateral breakage of all wires and winged scapula, and therefore needed revision.
In order to obtain good functional results by scapulothoracic fixation, the position of the scapula to the rib cage is very important. If the scapula is fixed too caudally, neurological complications such as stretching of the brachial plexus can occur. 34 A scapula fixed in an adducted position limits the function of the glenohumeral joint, while if it is fixed in an abducted position, the patient is able to move the glenohumeral joint through more functional range of motion. An excessively abducted or rotated scapula causes an abnormally high shoulder. Diab et al 27 fixed the scapula with its vertebral border externally rotated at an angle of 25˚ to the midline. Krishnan et al 26 reported that ideal positioning of the scapula is in the 20˚ to 25˚ external rotation relative to the midline. We obtained good functional results without neurological complications by fixing the scapula 15˚ to 20b etween its medial border and the interspinous line.
Conclusion
Winging of the scapula in FSH muscular dystrophy is caused by weakness of the muscles that stabilize the scapula to the rib cage. Surgical operations aim to fix permanently the scapula to the ribs using different techniques and devices. The benefits from surgery have to be balanced against the potential postoperative complications. The scapulopexy used in this extended series of patients consisted of repositioning the scapula and fixing it to four ribs by using metal wires without performing arthrodesis. All patients obtained a very satisfactory cosmetic result, functional improvement in shoulder abduction and flexion, and stabilization of the scapulothoracic fixation over time. This technique has a small rate of complications. It is reproducible, safe and effective, resulting in clinical and functional improvement.
